The clinical benefit of adding a macrolide to a β-lactam for empirical treatment of moderately severe community-acquired pneumonia remains controversial.
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Optimal coverage of Streptococcus pneumoniae, generally with a β-lactam, is advocated for hospitalized patients. However, the need to cover atypical pathogens (eg, Legionella species, Mycoplasma pneumoniae, and Chlamydia pneumoniae) by adding a macrolide to the β-lactam regimen or with fluoroquinolone monotherapy is debated. A meta-analysis 2 found better outcomes in patients treated with the combination of a macrolide with a β-lactam compared with a β-lactam alone. However, confounding can be a problem because patients treated with combination therapy are younger and healthier.
3,4 A meta-analysis 5 of randomized trials that compared antibiotic regimens with and without coverage of atypical pathogens did not find superiority in either arm. However, no trial that compared a β-lactam alone with a combination of a β-lactam and a macrolide was identified. Moreover, clinical success was assessed after completion of the antibiotic treatment, which might preclude the identification of a difference in the speed of resolution of the pneumonia between arms. Because of this uncertainty, international medical societies differ in their recommendations. North American guidelines recommend empirical coverage of atypical pathogens with a respiratory fluoroquinolone or with the combination of a macrolide and a β-lactam for all hospitalized patients. 6 European guidelines recommend combination therapy only for more severely ill patients. 7 The addition of a macrolide has potential drawbacks. Macrolide use is associated with possible adverse cardiovascular events 8 and cardiovascular death. 9, 10 This association is relevant because pneumonia affects predominantly older people, who are at increased risk of heart disease, and pneumonia itself is a trigger for adverse cardiac events. 11 Macrolides may also promote resistance of S pneumoniae against multiple antibiotic classes. 12, 13 On the other hand, macrolides cover atypical pathogens and might affect favorably the host inflammatory response through nonantibiotic effects. 14 Consequently, potential advantages of combination therapy should be balanced with a potential increased risk of adverse cardiac events and increased selection of resistant pathogens. We aimed to evaluate whether initial empirical treatment with β-lactam monotherapy was noninferior to the combination of a β-lactam and a macrolide in adult patients hospitalized for moderately severe community-acquired pneumonia.
Methods

Design and Patients
The ethics committees of all participating hospitals and Swissmedic, the Swiss regulatory agency for therapeutic products, approved the study protocol. All patients provided written informed consent. The BICAP DSMB, an independent data safety monitoring board, was informed about the number of severe events in both treatment arms and could stop the trial if judged necessary. This open-label, noninferiority, randomized trial was conducted in 6 acute care hospitals in Switzerland. We screened consecutive patients who presented to the emergency department with suspected community-acquired pneumonia and who needed hospitalization. Inclusion criteria were an age of 18 years or older, presence of at least 2 clinical findings suggestive of pneumonia, and presence of a new infiltrate on chest radiograph. Main exclusion criteria were severe immunosuppression, recent hospitalization (<14 days), residency in a nursing home, severe pneumonia as defined by the Infectious Diseases Society of America/American Thoracic Society 2007 rule 6 or Pneumonia Severity Index (PSI) category V, 15 and administration of any antibiotic for more than 24 hours before inclusion (eMethods in the Supplement).
Randomization
Randomization was computer generated and stratified by center, with a 1:1 ratio, in randomly alternating blocks of 6, 8, and 10. After informed consent, patients were allocated to the treatment arms by means of consecutive, numbered, sealed, and opaque envelopes.
Intervention
Patients were randomized to initial treatment with a β-lactam alone (monotherapy arm) or a β-lactam and a macrolide (combination arm). The β-lactam could be cefuroxime (1.5 g 3 times a day intravenously) or amoxicillin and clavulanic acid (1.2 g intravenously 4 times a day). The macrolide was clarithromycin, 500 mg twice a day intravenously or orally (eMethods in the Supplement). Urine samples were systematically tested for the presence of Legionella pneumophila antigen, and a macrolide was added in the monotherapy arm in case of a positive test result. A change in the assigned treatment was only allowed in the case of clinical deterioration that necessitated admission to the intensive care unit, lack of resolution of fever after 72 hours, or isolation of a resistant pathogen.
Outcomes and Follow-up
The primary outcome was the proportion of patients who did not reach clinical stability at day 7, defined as a heart rate less than 100/min, systolic blood pressure of more than 90 mm Hg, tympanic temperature less than 38.0°C, respiratory rate less than 24/min, and oxygen saturation by pulse oximetry of more than 90% on room air. Vital signs were measured at least twice a day. Time to clinical stability was defined as time elapsed between the first antibiotic dose and the first time all 5 criteria were reached and maintained for a minimum of 24 hours. Time to clinical stability was determined separately after completion of the trial by investigators (N.G. and S.C.) masked to treatment allocation. Discrepancies were resolved by consensus. Secondary outcomes were 30-and 90-day mortality, transfer to the intensive care unit, length of stay, readmission, recurrence of pneumonia, subsequent introduction of any new antibiotic, and complicated pleural effusion that required chest tube insertion or thoracic surgery. Patients were assessed clinically for 30 days or until hospital discharge. All patients were contacted by telephone at 30 and 90 days. The general practitioner or the hospital was contacted to verify whether a subsequent pneumonia confirmed by chest radiography had occurred. Two investigators (N.G. and S.C.) examined separately
Diagnostic Tests and Diagnostic Criteria
Two pairs of blood cultures were obtained before administration of antibiotics. A urine sample was collected for detection of the L pneumophila antigen. Detection of the S pneumoniae antigen in the urine was left to the discretion of the health care professionals. Sputum and pleural fluid were sampled and cultured according to published recommendations.
7 A pharyngeal swab was obtained on the first day of the study and processed for detection of C pneumoniae and M pneumoniae by polymerase chain reaction. Results of the swab test were not made available to the health care professionals. Diagnostic criteria are available in the eMethods in the Supplement.
Statistical Analysis
Because there is no randomized clinical trial, to our knowledge, that compares antibiotic treatment with a placebo in community-acquired pneumonia, we could not compute the noninferiority margin as a percentage of the effect of the reference treatment over placebo, as generally recommended. We chose the noninferiority margin in reference to unofficial US Food and Drug Administration recommendations for anti-infectious trials that assessed clinical success of a new treatment, which recommend a noninferiority margin of 10%. 16 To be conservative, we computed the sample size with an 8% noninferiority margin. We assumed a proportion of patients not having reached clinical stability at day 7 of 16% in the combination arm. 17, 18 We needed 280 patients per arm to have 90% power with a 1-sided α of .10. 19 Continuous variables are reported as mean (SD) or median (interquartile range [IQR] ) and categorical variables as number (percentage). Between-group differences were assessed using the t test, Wilcoxon rank sum test, χ 2 test, or
Fisher exact test, as appropriate. The proportions (SEs) of unstable patients at 7 days were measured by the Kaplan-Meier method. Unstable patients who were discharged were censored, and patients who died were considered unstable. We computed the SE on the difference between proportions (se Δ ), calculated as:
where the subscripts m and b identify the monotherapy and combination therapy arms, and used this value to obtain the upper limit of a 90% CI, which was used to test the noninferiority hypothesis, and a 2-sided 95% CI, which was provided for descriptive purposes. We also tested the null hypothesis of no difference between the proportions using a χ 2 test and reported the corresponding P value. Secondary analyses were prespecified. To perform a global comparison of the 2 study arms, we obtained Kaplan-Meier estimates for the time to clinical stability along with a log-rank test and computed a hazard ratio (HR) from a Cox proportional hazards model. We performed this analysis again with an adjustment for patient age and the PSI score. Three prespecified subgroup analyses were conducted, stratifying on the category of the pathogen identified (atypical or nonatypical, defined as all patients without identification of an atypical pathogen), patient age (<65 or ≥65 years), and PSI (category IV vs I to III). We also performed an additional post hoc analysis, stratifying by the CURB-65 (confusion, urea, respiratory rate, blood pressure, age ≥65 years) score (≥2 vs <2). Strata were compared in a Cox proportional hazards model that included as covariates the treatment, stratification variable, and interaction between the 2 covariates.
Because the Kaplan-Meier survival curves cross during the first week, it follows that the hazards are not strictly proportional. However, we believe that the nonproportionality is not major and that the HR captures a scientifically relevant statistic (ie, the mean HR during the first 7 days). Use of a more complex model (eg, a time-dependent treatment effect with HR[t] a linear function of ln[t] or a stepwise Cox proportional hazards model with a different HR for days 0-3 and days 4-7) would improve fit, but these analyses would not test the prespecified research question, "Is there a general disadvantage (in terms of time to stability during the first week) to using monotherapy in this indication?"
Significance was defined as a 2-tailed P < .05. All analyses were performed in the intent-to-treat populations using SPSS statistical software, version 18.0 (SPSS Inc).
Results
From January 13, 2009, through January 31, 2013, we included 602 patients in the study. Twenty-two patients were excluded after randomization (Figure 1) , leaving a total of 580 patients (291 in the monotherapy arm and 289 in the combination arm). Patients had a median age of 76 years (range, 21-101 years), and 351 (60.5%) had 1 or more comorbidities (median, 1.0; IQR, 0-2). The mean PSI score was 84 ( Table 1) .
Microbiologic Analysis Results
No imbalance was found between the study arms in the bacteriologic investigations (eTable 1 in the Supplement). A pathogen was identified in 180 patients (31.0%), and 48 (8.3%) had bacteremia. Streptococcus pneumoniae, the most common pathogen, was isolated in 43 patients (14.8%) in the monotherapy arm and 45 (15.6%) in the combination arm. Legionella pneumophila was identified in 12 patients (4.1%) in the monotherapy arm and 4 (1.4%) in the combination arm. The result of polymerase chain reaction for M pneumoniae was positive in 6 patients (2.1%) in the monotherapy arm and 9 (3.1%) in the combination arm (eTable 1 in the Supplement). 
Primary Outcome
After 7 days of treatment, 120 patients (41.2%) in the monotherapy arm had not reached clinical stability compared with 97 (33.6%) in the combination arm (P = .07). The absolute difference was 7.6%, with an upper limit of the 90% CI of 13.0% and a 2-sided 95% CI of −0.8% to 16.0% ( Table 2 ). Because 13.0% is above the predefined boundary of 8%, noninferiority of monotherapy could not be demonstrated. In the survival analysis, no significant difference was found between the treatment arms (HR of reaching stability, 0.93; 95% CI, 0.76-1.13), a result that did not change significantly after adjustment for age and PSI category ( Table 3) . On visual inspection of the KaplanMeier curves (Figure 2) , the difference in the proportions of unstable patients peaked on day 7 and persisted until 30 days, although it was globally nonsignificant (P = .44 by the logrank test). Median time to clinical stability was 5.0 days (IQR, 3.8-6.2 days) in the monotherapy arm and 4.5 days (IQR, 3.9-5.1 days) in the combination arm. Mean time to clinical stability and stabilization of the independent vital parameters is given in eTable 3 in the Supplement.
Subgroup Analysis
In the subgroup analysis, the effect of the treatment arm differed significantly for patients with identification of an atypical pathogen (HR of reaching stability, 0.33; 95% CI, 0.13-0.85) and those without (HR, 0.99; 95% CI, 0.80-1.22). Combination therapy was significantly superior for patients with atypical pathogens (Table 3 ). There was a trend toward better outcome of the combination therapy for patients with more severe pneumonia (Table 3 and eFigure 1 in the Supplement). Patients with PSI category I to III pneumonia had an HR of reaching stability of 1.06 (95% CI, 0.82-1.36) with monotherapy. The corresponding HR was 0.81 (95% CI, 0.59-1.10) for patients with PSI category IV pneumonia (P = .18 for trend). When stratifying on the basis of the CURB-65 score, the HR of reaching stability with monotherapy was 1.13 (95% CI, 0.85-1.50) for patients with CURB-65 scores of 0 or 1 and 0.80 (95% CI, 0.61-1.06) for patients with CURB-65 scores of 2 or higher (P = .09 for interaction). No interaction was found between age and treatment arm (Table 3) . In a post hoc analysis that excluded all patients with proven infection by an atypical pathogen, the proportion of patients not having reached clinical stability at day 7 was 39.9% in the monotherapy arm and 34.1% in the combination arm (absolute difference, 5.8%; 95% CI, −2.7% to 14.3%; P = .15). Mean PSI scores were 86.4 in patients with and 84.2 in patients without a proven atypical pathogen infection (P = .64 by analysis of variance).
Secondary Outcomes
No difference was found between the 2 arms in most secondary outcomes (Table 2) . However, at 30 days after discharge, more patients in the monotherapy arm had been readmitted (7.9% vs 3.1% in the combination arm, P = .01). Of the 23 patients in the monotherapy arm who had been readmitted, 7 (30.4%) had a new episode of pneumonia vs 0 of 9 in the combination arm (P = .06). Other causes of readmission or proportion of patients treated for a new episode of pneumonia (in the hospital or as outpatients) did not differ between the treatment arms (Table 2 and eTable 4 in the Supplement).
There was a trend toward more severe events in the monotherapy arm in patients infected with an atypical pathogen, including 3 intensive care unit admissions (all 3 patients were infected with L pneumophila) vs none (P = .12), respectively and 2 deaths (both patients were infected with M pneumoniae) at 30 days vs none (P = .21), respectively (eTable 5 in the Supplement).
Safety
Adverse events attributed to the antibiotic treatment were infrequently reported. One patient in the monotherapy arm and 2 patients in the combination arm had acute hepatitis without hepatic failure, and 1 patient in the combination arm had renal failure attributed to acute interstitial nephritis and needed hemodialysis. Minor allergic reactions were reported in 3 patients in each arm.
Discussion
We were unable to demonstrate noninferiority of initial empirical treatment with a β-lactam agent alone in hospitalized patients with moderately severe community-acquired pneumonia. There was a nonsignificant trend toward superiority of combination therapy, which could represent a chance finding or true superiority that was not significant because of insufficient power. Although most secondary outcomes did not differ between the 2 treatment arms, patients in the monotherapy arm had more readmissions within 30 days. This finding might also point toward a superiority of combination therapy.
One advantage of the combination therapy is added coverage of atypical pathogens with the macrolide. In our study, combination therapy was superior in patients with proven infection by an atypical pathogen, despite systematic search for L pneumophila infection by urinary antigen testing and subsequent addition of a macrolide in patients undergoing monotherapy. This superiority may be explained by failure to provide timely coverage of the Legionella infection. The median time between administration of the β-lactam drug and the addition of clarithromycin was 47 hours for patients with L pneumophila infection in the monotherapy arm. This long interval reflects real-life practice, with delays in collecting a urine sample for testing, receiving the results, and prescribing the appropriate antibiotic. These delays may have had repercussions on the concerned patients because 3 of them were transferred to the intensive care unit because of clinical deterioration (eTable 5 in the Supplement). Moreover, sensitivity of the test for L pneumophila serotype 1 is only approximately 80%, and other serotypes or species of Legionella are inconsistently detected. Finally, the health care professionals were not informed of the result of the swab test for M pneumoniae and C pneumoniae detection, and lack of initial coverage for these bacteria could also explain the observed difference.
Although clear, this superiority in patients with atypical pathogens does not completely explain the difference in outcomes in the combination arm. First, there was a clear trend toward superiority of the combination therapy for patients with more severe pneumonia (PSI category IV or CURB-65 score of ≥2). This finding is in accordance with observational studies 25, 29 that found that higher survival with combination therapy compared with monotherapy was restricted to patients with more severe pneumonia. Because PSI scores did not differ significantly between patients with and without infection with atypical pathogens, better coverage of atypical pathogens is unlikely to explain this differential effect. Second, in an analysis that excluded patients with atypical pathogens, the tendency toward a better outcome in the combination arm persisted (proportion of patients not attaining clinical stability 7 days after treatment, 5.8% compared with 7.6% in the primary analysis). Third, none of the 23 patients readmitted at 30 days in the monotherapy arm had been infected by an atypical pathogen. Better control of the host inflammatory response through a nonantibiotic effect of clarithromycin might have protected patients in the combination arm from adverse events that led to readmission.
Patients enrolled in the trial are representative of patients commonly hospitalized for community-acquired pneumonia, with 25% of patients older than 84 years and a high prevalence of chronic disease. We used strict inclusion criteria. Less than 5% of patients had been treated with oral antibiotics before inclusion, maximizing the effect of the allocated therapy, and adherence to the protocol and follow-up were excellent, with only 3 patients unavailable for follow-up and 85 (14.7%) with a change in treatment allocation ( Figure 1 and Table 2 ). The primary outcome was based on objective
Our trial was open, and knowledge of treatment arm allocation could have biased clinical decision making. However, we did not observe a difference in the adherence to the assigned treatment between the 2 arms. The study was conducted in Switzerland, and results cannot automatically be generalized to other regions where prevalence of atypical bacteria and resistance of S pneumoniae may differ. Specifically, L pneumophila causes 93% to 98% of Legionella pneumonias in Switzerland, most of them being diagnosed by urinary antigen testing.
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A high percentage of patients had not reached clinical stability at 7 days, and the median time to clinical stability was higher than in other trials.
33,34 However, our results were comparable with those of a large international observational study. 35 Several characteristics of our study can explain the longer-than-expected time to clinical stability. We took into account patients dying in the hospital and patients who never reached clinical stability during the acute care stay but were later transferred to a rehabilitation facility by censoring them at 30 days. These patients were excluded from other studies 33, 34 that evaluated time to clinical stability. In fact, when we repeated the analysis on the population of patients discharged to their home, we found a median time to clinical stability of 3.5 days (IQR, 3.1-3.9 days), in line with previous studies.
33,34
Finally, despite randomization, a striking imbalance was found in the repartition of Legionella between the treatment arms, which could have favored the combination arm.
Conclusions
Our results have important clinical implications. First, the results of this trial indicate that initial empirical treatment with β-lactam monotherapy delays clinical stability for patients infected with atypical pathogens, even when the presence of Legionella is systematically searched for with urinary antigen testing. Whether faster introduction of a macrolide in patients with a positive test result would have resulted in better outcomes is hypothetical. Second, patients with higher severity of pneumonia (PSI category IV or CURB-65 score of ≥2) seem also to benefit from combination therapy. Future work might test a strategy of tailoring the initial therapy on the severity of the pneumonia, with combination therapy reserved for patients with PSI category IV or higher pneumonia or a CURB-65 score of 2 or greater.
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